ABSTRACT: Two experiments were conducted to evaluate the effects of inducing premature parturition on the composition of colostrum and milk and the effects of dietary fat supplementation on colostrum and milk composition from premature and delayed farrowing sows. In Trial 1, eight sows were allowed to farrow naturally ( d 114, NF sows) and eight sows were induced to farrow ( I F sows) prematurely by injection of prostaglandin Fzol on d 112 of gestation.
farrowing sows. In Trial 1, eight sows were allowed to farrow naturally ( d 114, NF sows) and eight sows were induced to farrow ( I F sows) prematurely by injection of prostaglandin Fzol on d 112 of gestation.
Average fat content of sow's milk during the first 12 h postpartum was lower for IF than for NF sows ( P < .05), as was overall mean fat percentage ( P < .05). In Trial 2,53 sows were randomly assigned in a 2 (diets) x 5 (parturition treatments) factorial experiment. Dietary treatments fed during the last 2 wk of gestation and throughout lactation were control diet and added fat diet (control diet plus 10% corn oil). Parturition treatments included 1 ) natural farrowing 
Introduction
Feeding of supplemental fat to sows in late gestation and early lactation may improve neonatal survival (Pettigrew, 1981) by increasing milk fat and perhaps by increasing energy reserves in the pig at birth. Synchronization of farrowing can be a helpful managerial tool (Diehl et al., 1974; Jainudeen and Brandenburg, 1980; First et al., 1982) . However, premature parturition may result in decreased pig birth weights (Wierzchos and Pejsak, 1976; Welk and J. h i m . Sci. 1995 Sci. . 73:1906 Sci. -1913 First, 19791, and decreased milk secretion has been noted in gilts (Ash and Heap, 1975) .
Colostrum and milk composition are key to survival of newborn pigs (Hartmann et al., 1984) . Functional development of the mammary gland is closely synchronized with the normal process of parturition. Colostrum composition and yield may be altered if the gland is not functionally developed a t parturition, as may occur with induction of premature parturition.
Our objectives were to determine the effect of inducing premature parturition on composition of sow colostrum and milk and to examine the interrelationships among dietary fat supplementation and induction of farrowing in sows on colostrum and milk composition.
Materials and Methods

Trial 1
Sixteen multiparous crossbred sows (Yorkshire x Hampshire x Landrace) were randomly assigned to one of two treatment groups. On d 109 of gestation, sows were moved into crates in an environmentally regulated farrowing house. Sows were allowed to farrow naturally ( NF) or were induced to farrow ( IF) by an i.m. injection of 10 mg of prostaglandin Fza (Upjohn, Kalamazoo, MI) on d 112 of gestation. In sows induced to farrow, actual farrowing occurred within 24 h of injection. Sows were fed 2.0 kg/d of a 12% CP corn-soybean meal-based diet (12% CP, .75% Ca, and .60% P) up to d 100 of gestation and 1.9 kg/d of the same diet from d 100 of gestation to farrowing and had ad libitum access to a 14% CP corn-soybean meal-based diet throughout lactation (Table 1) . Sows had ad libitum access to water. Mammary secretions were collected from the right first thoracic gland beginning at birth of the first pig ( 0 h ) and subsequently a t 1, 2, 3, 4, 6, 9, 12, 18, 24, 48, 72 , and 168 h postpartum. Pigs were denied access to the right first thoracic gland for the first four sampling times. Samples were collected by hand stripping of the gland for 0 through 6 h, when there was free flow of colostrum. For subsequent sampling times, 2 mL of oxytocin (20 USP units/mL, Anpro Pharmaceutical, Arcadia, CA) was administered i.m.
to facilitate milk letdown. Milk yield was not determined in this trial.
Colostrum and milk samples were stored at -20°C until they were analyzed for total protein (Lowry et al., 19511, lactose (Teles et al., 19781, and fat (Babcock method; AOAC, 1984) . Milk composition data were statistically analyzed by ANOVA using a split-plot design with treatment as the main plot and time as the subplot (Steel and Torrie, 1980) CP. Mammary secretions were collected from the right first thoracic gland beginning at birth of the first pig ( 0 h ) and subsequently at 3, 6, 9, 12, 24, 48, 72, and 168 h postpartum. Milk yield was not determined in this trial. Samples were collected as in Trial 1 and were stored at -20°C until they were analyzed for total protein (dye-binding assay, Bio-Rad, Rockville, NY), lactose (Teles et al., 19781, and fat (Babcock method; AOAC, 1984) . Immunoglobulin G was measured by ELISA as described below.
Data were evaluated statistically using ANOVA procedures (SAS, 1985) appropriate for a split-plot design (Steel and Torrie, 1980) . The main plot was modeled according to a completely randomized 2 x 5 factorial design. The main plot included effects of dietary fat and effects of hormonal treatment as well as their interaction. Main plot effects were evaluated against error A. The sub-plot consisted of the time effects and the two-and three-way interactions between time and the main-plot effects. Sub-plot effects were evaluated against the residual error term. Differences between treatment means were examined using a protected least significant difference test.
Enzyme-Linked lrnrnunosorbent Assay
An ELISA was developed for measurement of immunoglobulin G in both sow milk and colostrum. The procedure was a modification of the assay described by Signorella and Hymer ( 1984) and Rejman et al. (1989) and consisted of nine steps: 1) coating flat-bottom microtiter plate (Nunc, Thomas Scientific, Rockville, MD) wells with antigen; 2 concurrent but separate incubation of sample or standard with primary antibody; 3 ) plate wash followed by blocking wells with BSA; 4 ) addition of sample-antibody mixture to the wells; 5 ) plate wash followed by addition of goat anti-rabbit IgG conjugated to horseradish peroxidase ( HRP); 6 ) plate wash followed by addition of peroxidase anti-peroxidase; 7 ) plate wash followed by addition of HRP substrate; 8 ) termination of reaction; and 9) absorbance measurement.
Buffers and incubation conditions for steps 1 and 2 were as described previously (Rejman et al., 1989) . Antigen stock solution of the immunoglobulin G (PelFreez, Rogers, AR) was 1.0 mg/mL.
For step 1, microtiter plate wells were coated with immunoglobulin G antigen at 100 ng/well in a total volume of 200 pL. The microfuge tube reactions in step 2 contained 200 pL of standard or sample plus 200 pL of diluted rabbit anti-pig immunoglobulin G (Pel-Freez). Standards were serially diluted for immunoglobulin G from 2,000 ng/mL to .032 ng/mL. In addition to tubes containing either unknown or standards, each set of tubes had four "100% values" (no competing standard) and two "0% values" (no antigen coating the well). All tubes were incubated overnight at 4°C. Steps 3 through 9 were as described previously (Rejman et al., 19891 , with the following modifications. Plates were blocked (step 3 ) for 15 min at 25°C. A 1:2,000 dilution of secondary antibody (goat antirabbit IgG conjugated to HRP) was added to each well and incubated for 1 h at 25°C. Substrate for HRP was incubated for 45 min in the dark at 25°C. Concentrations of specific proteins were calculated using SAS for data processing of enzyme immunoassay (Wu, 1986) . Raw data from the immunoglobulin G standard samples were fitted to a line using logit transformation and linear regression, as described previously (Rejman et al., 1989) .
Standard curves with equal sensitivity were obtained using several combinations of antigen concentrations coated on the wells (step l ) and primary antibody titers (step 2). Final antigen concentration of 100 nglwell and final primary antibody dilutions of 1:100,000 were chosen for routine use. Standard curve concentrations ranged from 2,000 ng/mL to .032 ngl mL. The "100% values" of the concentration for immunoglobulin G yielded average absorbance maxima of 1.85 units.
Sensitivity of the assay, or the minimum detectable dose, was defined as the protein concentration corresponding to the percentage (B/Bo) two standard deviations below the average "100% value." The minimum detectable dose for immunoglobulin G was . l 6 ng, whereby less than 95% binding was obtained at 1.76 absorbance units. The linear range of the standard curves for immunoglobulin G was 1,000 ngl mL t o .8 ng/mL. Near 50% binding, intraassay CV was 3.4% and interassay CV was 10.4%. Crossreactivity of the immunoglobulin G antisera with IgM antigen was 2.4%.
Results
Trial 1
All sows completed this trial. Average number of pigs born was 11.4; average number born alive was 10.8; average number of pigs weaned was 9.6; average pig weight at birth was 1.69 kg; and average pig weaning weight was 6.87 kg. These values were considered normal.
The time x treatment interaction was significant ( P < .05) for fat percentage ( Table 2 ). The average fat content of colostral secretions during the first 12 h after birth of the first pig was higher for NF sows than for IF sows (6.1% vs 4.4%, respectively; P < .05). Fat Protein concentrations of colostrum and milk were similar for NF and IF sows ( P > .lo; Table 2 ). Mean protein concentrations during the first 6 h after birth of the first pig were not different ( P > .lo). After 6 h, protein concentration gradually decreased throughout the remaining period of the experiment, regardless of treatment.
Trial 2
Trial 2 was designed t o further evaluate the effects of induction of premature parturition and to determine whether supplemental dietary fat could overcome the reduced fat percentage in colostrum and milk caused by induction of premature parturition observed in Trial 1. Reproductive performance in this trial was considered normal; average number of pigs born was 9.7; average number of pigs born alive was 9.3; average number of pigs weaned per litter was 7.8; average pig weight at birth was 1.58 kg; and average 21-d weaning weight was 5.98 kg. The design of this experiment did not provide sufficient power to perform valid tests of treatment effects on these performance measures.
Concentrations of fat, protein, and lactose in colostrum and milk ( Tables 4 and 5 . bTime 0 was delivery of the first pig. CSubplot SD for fat = 1.8% ( n = 434), lactose = 6.7 mg/mL ( n = 4361, and protein = 17.5 mg/mL ( n = 444).
'Time effect ( P < .01). aAveraged across all sampling times. Main plot SD for fat = .92%, lactose = 4.78 mg/mL, and protein = 11.43 mgimL ( n = 53). bDiffers among diets when comparing groups receiving that same parturition treatment ( P < ,011. ~~ ( P < .O 1) from 0 to 72 h postpartum; this was followed by lower fat percentage in milk a t 168 h. Lactose concentration was relatively low in colostrum, but in the period between 24 and 168 h postpartum lactose concentrations increased
. During the 12-h period following the birth of the first pig, overall mean protein concentrations decreased
probably reflecting a decline in immunoglobulin concentrations during the transition from colostrum to milk composition.
Treatment groups receiving supplemental dietary fat were fed an added fat diet beginning on d 100 of gestation and continuing through lactation. All treatment groups receiving the added fat diet had greater ( P < .O 1) overall mean milk fat percentage for the period studied compared with sows receiving the control diet (Table 4) . Protein concentrations in both colostrum and milk generally were not affected by dietary or parturition treatments ( P > .lo). Overall mean lactose concentrations were unaffected by dietary or parturition treatments ( P > .lo). There was a significant interaction between parturition treatment and time (Table 5 ; P < .05). Sows fed the control diet in treatment groups I F l l l and IF112 had lower ( P < .06) milk fat percentage at 0 and 3 h postpartum than NF sows fed the control diet. This was followed by an increase ( P < .01) in milk fat percentage from sows fed the control diet in treatment groups I F l l l and IF112 to 12 h postpartum, after which there were no differences between parturition treatments in milk fat percentage from 24 to 168 h postpartum in sows fed the control diet. An increase ( P < .01) in milk fat percentage occurred between 24 and 72 h postpartum in all sows receiving the control diet, regardless of parturition treatment (Table  5 ).
Sows fed the added fat diet had higher ( P < .lo) milk fat percentage a t each sampling time than sows fed the control diet, regardless of parturition treatment (Table  5 ) . Sows fed the added fat diet in treatment groups IF111, IF112, and IF113 generally had lower, albeit nonsignificant ( P > .lo), colostral fat percentage than NF sows receiving added dietary fat from 0 to 12 h postpartum, but then they had a compensatory increase ( P < .O 1) in milk fat during 48 and 72 h postpartum compared with NF sows fed the added fat diet ( Table  5 ) . Delayed farrowing sows ( I F 11 6) fed the added fat diet had lower ( P < . 0 5 ) immunoglobulin concentrations in colostrum during the first 24 h postpartum than IF116 sows fed the control diet (Table 6 ). Other differences in immunoglobulin concentrations among treatment groups were not significant. aSD for fat = 1.87% ( n = 436).
bMain effect of diet ( P < .05). Main effect of time ( P < .05). Hormonal treatment x time interaction ( P < .05). a i f f e r s from control diet group NF ( P < ,061 at the respective sampling times.
dDiffers from added fat group NF ( P < .01) at the respective sampling times. aSD for immunoglobulin G = 29.0 mg/mL ( n = 326). Main effect of time ( P < .05).
bDifference between groups IF116 in control vs added fat diets ( P < ,051.
Discussion
Fat concentration was markedly reduced in colostrum from sows induced to farrow prematurely in Trial 1. As a consequence, pigs born to these sows received colostrum with a lower energy content than pigs born to naturally farrowing sows (calculated at 2.44 vs 2.74 kcaVlOO mL, respectively). A lower fat percentage in colostrum also was observed in Trial 2 in the groups injected with prostaglandin on d 110 (IF111) or 111 (IF1121, although this lower fat percentage was not as dramatic as that observed in Trial 1. Milk fat percentage values recorded from naturally farrowing sows in both trials are in agreement with average milk fat values reported by others (Seerley et al., 1974; Pettigrew, 1981; Stahly et al., 1981; Coffey et al., 1982) .
The period most critical to survival of neonatal pigs is during farrowing and the first few days of life (de Passille et al., 1988) . Pigs are born with few available fat stores and poor gluconeogenic capacity (Curtis et al., 1966) and must consume suffkient amounts of colostrum during the first 24 h of life t o remain in positive energy balance (Milon et al., 1983) . Fat, protein, and lactose constitute approximately 60, 22, and 18%, respectively, of the total energy content of sow milk (Hartmann et al., 1984) . Significant alteration of colostrum composition, particularly fat concentration, could have a detrimental effect on pig survival and growth.
Induction of farrowing did not affect milk fat percentage when sows also received added dietary €at (Trial 2), and induced sows receiving the added fat diet had greater milk fat percentage than induced sows fed the control diet. Colostral energy content is affected by addition of fat to the maternal diet during late stages of pregnancy (Seerley et al., 1974; Boyd et al., 1978; Pettigrew, 1981; Stahly et al., 1981) . Addition of fat to sow diets also can cause up t o a 30% increase in the total volume of milk (Coffey et al., 1982) .
Increased energy content of colostrum may prevent hypoglycemia during the first few hours of life (Aumaitre and Seve, 1978) . Addition of dietary fat to sow diets increases fat stores in the neonatal and weanling pig (Seerley et al., 1974; Bishop et al., 1979; Pettigrew, 1981) but does not affect the pig's body stores of carbohydrates (Okai et al., 1978) . Glycogen stores in newborn pigs are readily available for energy and quickly depleted during fasting conditions, whereas fat stores in the neonate are relatively unavailable for energy metabolism because they are mostly contained in structural tissues.
With increasing number of nursing pigs per sow, the amount of milk available to each pig is decreased (Whittemore and Elsley, 1979) and may limit growth rate. Others have reported increased pig weaning weights in litters from sows fed fat, although survival rates remained unaffected (Stahly et al., 1986) . Mean protein and lactose concentrations in samples of mammary secretions taken between 0 and 168 h postpartum were not affected by induction or delay of parturition. The high protein concentrations in the first 6 h postpartum were probably caused by elevated concentrations of immunoglobulins in the colostrum (Bourne, 1969; Milon et al., 1983; de Passille et al., 1988) . In the present study, immunoglobulin levels in colostrum and milk decreased linearly throughout the experiment. Immunoglobulin G content was maximal in colostrum samples 0 and 3 h after the first pig was born. Newborn pigs can obtain adequate serum immunoglobulin levels after 1 h of nursing (40 to 60 g of colostrum) and continued nursing does not further increase serum immunoglobulin levels in pigs (Coalson and Lecce, 1973) . Milon et al. (1983) suggested that the first colostrum received by a newborn pig must be high in immunoglobulins to ensure that maximal plasma immunoglobulin levels are attained, after which the energy content of the colostrum becomes increasingly important.
Although prostaglandin often is injected on d 112 of gestation to induce farrowing, management practices aimed at synchronizing farrowing also can employ injection of prostaglandin earlier in gestation, as well as delaying parturition with progesterone treatment. Such a disruption of the normally synchronized processes of parturition and mammary functional development associated with colostrum formation and lactogenesis could alter the composition of colostrum and milk in early-farrowing sows.
The milk fat concentration differences observed in the present study suggest that the mammary glands of early farrowing sows were less functionally developed than those of sows farrowing a t full term ( d 114 of gestation). Increases in intraepithelial lipid droplets and rough endoplasmic reticulum are observed between d 105 of gestation and the day of parturition in the sow (Kensinger et al., 1986) .
On d 112 of gestation, the alveolar epithelial cells are full of lipid droplets, but extensive lipid secretion is not observed until near parturition (Kensinger et al., 1986) . Although mechanisms of fat synthesis are active before d 112 of gestation, mechanisms of fat secretion into the lumen may not mature until near the initiation of normal parturition ( d 114).
Implications
Induction of premature farrowing affects the composition of colostrum and milk, particularly by altering the fat content. Management practices aimed at synchronizing parturition via induction of premature parturition may result in more limited colostral energy supply available to the neonate pig. Supplemental fat in the diet of sows during late gestation and lactation can result in increased fat content of colostrum and milk and may alleviate the decreased fat content of the colostrum. Increasing energy density of colostrum may be particularly important in pigs of low birth weight, which often results from induction of premature parturition.
